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cm. and novel compositions containing rapamycin. f apamy 

J^"^ dependent diabetes mellitus (IDDM), a disease state occurring in 0.3 % of the general population is asso- 
ciated with .nsuff.aent insulin production causing metabolic changes such as hyperglycemia glycos^a tSSSSSl 

unquenchable th ret Even wrth exogenously supplied insulin treatment, complications such as retinopathy neuropathy 
penpheral vascular ^.sease. atherosclerosis, weigh, loss, stroke, renal failure, and coma leading to deaVh^ % 
infill „ T '* attr,buted ,0 an autoimmune response to the p-islet cells. The pancreatic isSecome 
-nf Utrated w,th lymphocytes (.nsulitis) and the insulin-producing fj-cells are destroyed. Approximatelyli % of me Ss 

37.252 1 988 have shown that T-cell mediated events occur initially in IDDM while humoral abnormalities TcXSite 

JSSWSS 8 ^! r ein a *<r ibodies) contribute later during the disease p«H^J^S2SE 

rmtL^'i B fn ( 1 W ; s ^cept.b,l,ty involving class II major histocompatibility complex (MHC) appears to play 

a major role in this autoimmune disease. Approximately 60-70% of this susceptibility resides in the HLAreaion ll C 
Tarn. Lancet 845 (1988)]. More than 95% of those individuals with IDDM are HLA Df!^&^££ZS£ 
15 "egatively associated with the disease. [K. Wilson. Ann. Rev. Med 41 497 (1990)1 

deveton™l°I! D ,h M , Wit I insu,in as not satisfactory, current research has focused on 

nnn 9 mf 1 "* ° f IDDM - Several animal mode ls have been utilized to study the 

etiology of IDDM and to evaluate potential forms of treatment and prevention 

ri^^T^'i™'?? m ° delS h3Ve bee " deve 'oped that emulate human IDDM. The first standard animal model 
developed by Toch.no [Exerpta Medica. 295 (1 982)]. the non-obese diabetic (NOD) mouse is a mouse sfrainTit 
taneously develops IDDM. Insulitis is initially observed at about 30 days of age and Z TJ, da^o ^ ASSISE 

^ltt nod mice deve,op ,ddm - Marked ™ c,ear - ifisx sesjbsxejx 

hans .slets wrth concomitant p-cell destruction are also observed. [Y Mori. Diabetalogia 29 244 (198CTThe2Xt 
standard animal mode, is the Bio Breeding (BB) rat. which develops gross abnormalities^ the fl^^L £S 
mg a T-cell lymphopenia preceding and accompanying the onset of IDDM. [C. R. Stiller. Science 223- 1362^4? 

modl^DTaTd'cTht h yC ' OSPOr , in iS^S FK - 5 ° 6 h8Ve b6en 6Va,ua,ed in » e BB rat — NODmoL 
ESJ n 52 ^- 1 88 b «? n eVa ' Uated human dinical trials - CsA has b een shown to be effective in prophy- 
lact.cally preventing the onset of IDDM and insulitis in both the NOD mouse and BB rat standard anSmodd?^ 

[B Formby, J Pharm. Exp. Ther. 241: 106 (1987); C.R.Stiller. Metabolism 32 Supp 1: 69 (1983)- and M A Jawnrsld 
C n. Invest. Med. 10: 488 1 (1987)]. One study reported that CsA had little therapeuti? effeo on SmI" the NOD^Touse 
standard animal model after the onset of IDDM. [Y. Mori, Diabetologia 29- 244 (1986)] 

. h ! S ^ 6en evalualed in several clinical studies in newly diagnosed IDDM patients. CsA treatment was shown 

♦ °{T , ' 656 Stud,es for up t0 1 year " 1,16 P erce "t of remission was highest in patients who 
SSln, t , rT r " eSt f & ' DDM dia9n0SiS - Data 0n *• ,on 9evrty of remission following dSSS CsA 
fc^n^rt « uiooncluawe. One study reported remissions lasting for more than 9 months, whereas several other sftidTes 

reportedthatrem,ss.onwasnotmaintainedfollowingdiscontinuationofCsAtreatment [G Feutren UnortlW-TlSS? 

^X^^^i^*' science 223: 1362 < 1984 > : R ^KSfJJf 0°SK 

.nnM K T!??^ be T demonstrated to prevent the onset of IDDM in both the NOD and BB standart animal models of 
IDDM. Two studies have shown that FK-506 induced prevention of IDDM lasted 45 days an 20 weeta TZSlv 
beyond erm.nat.on of FK-506 treatment was discontinued. [N.Murase. Diabetes 39: 1584 nggmTSrasSTS 
Immun. Immunopath. 57: 274 (1990); J. Miyagawa. Diabetologia 33- 503 (1990)] ' 
Rapamyc.n. a macrocyclic triene antibiotic produced by Streotomvces hvnr^ P ir,.e nj.s Patent 3 929 9921 has 

^rcSnTp^f^Tl^ (,9E -" ke) a "«b«.i^in response to an LhLJSJJSSK 
[Martel R., Can. J. Physiol. Pharm. 55: 48 (1977)], inhibit murine T-cell activation [Staruch. M FASEB 3 341 1 nSn 
and prolong survival time of organ grafts in histoincompatible rodents [Morris, R.. Med. Sci. Res i? 877 '(1989) * 
human S * raPamydn for arreSti " 9 thS deve, °P m ent or retarding the progression of IDDM in a 

The rapamycin may be administered orally, parenteral!* intranasal!/, intrabronchially. or rectally. This invention also 

ent d.abetes mel htus .n an ,nsul.n dependent d.abetes mellitus susceptible human. When rapamycin is used for arrestina 
the development or retarding the progression of IDDM, it is preferable that rapamycin be administered^ 

s.x^^i^sr pr " des a phar ~ — ~ 
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The effect of rapamycin on IDDM was established in the NOD mouse. Diabetes in the NOD mouse has the following 
similarities with human IDDM: 1) diabetes is genetically linked with loci within the major histocompatability region; 2) 
infiltration of the pancreatic islets with lymphocytes (insulitis) is associated with selective destruction of the insulin-secret- 
ing p-cells; and 3) autoantibodies to islet surface antigens are detectable in blood. [M. Fagan, Diabetes 40: 715 (1991)]. 

5 The NOD mouse model also has been described as being valuable not only for elucidation of the pathogenesis of type 
I IDDM in man, but in designing and testing effective therapies for prevention of IDDM. [E. Leiter, Am. J. Path. 128: 380 
(1987)]. The NOD mouse is therefore considered to be the standard animal model emulating IDDM in humans. 

The procedures used and results obtained are described below. CsA also was evaluated in NOD mouse, under 
identical conditions, for the purpose of comparison. 

10 Female NOD mice were housed in a barrier facility and fed food and water ad libitum. Rapamycin was evaluated in 
a series of two test procedures that evaluated different dose ranges. In the first study, mice were randomly divided into 
four treatment groups: naive control, CsA (12 mg/kg), rapamycin (6 mg/kg), and rapamycin (12 mg/kg). Treatment groups 
contained either 6 or 7 mice per group. In the second study, mice were randomly divided in five treatment groups: naive 
control, vehicle control, rapamycin (6 mg/kg). rapamycin (0.6 mg/kg). and rapamycin (0.06 mg/kg). Treatment groups in 

is the second study contained 10 mice per group. Both immunosuppressants were dissolved in vehicle containing 8% 
cremophor EL and 2% ethanol. In the first study, administration of drug began at 56 days of age and continued 3 times 
per week orally until the mice reached 1 70 days of age. In the second study, administration of drug began at 64 days of 
age and continued 3 times per week orally until the mice reached 1 76 days of age. Weight and water consumption were 
measured on a weekly basis. Blood was collected at regular intervals and blood plasma glucose levels were measured 

20 enzymatically. Plasma levels of p-hydroxybutyrate, triglyceride, and cholesterol were evaluated following the end of treat- 
ment in the second. The incidence of IDDM following the cessation of treatment with rapamycin was also evaluated in 
the second study. 

The following table shows the mean plasma glucose levels for the mice in each treatment group in the first study. 
Plasma levels are expressed in mg/dL 

25 





MEAN PLASMA GLUCOSE LEVELS (mg/dL ± SE) - STUDY 1 


30 


Age of Mice 


Treatment Group 






Naive 


Treatment Rapamycin (6 mg/kg) 


Group Rapamycin (12 mg/kg) 


CsA (12 mg/kg) 




56 days 


130 ±5 


113±3 


114±3 


126±2 




66 days 


102 ±4 


128 ±6 


116+10 


106 ±9 


35 


73 days 


119±8 


147 ±14 


128±5 


127±6 




85 days 


128 ±8 


138±4 


145±14 


128±5 




94 days 


128 ±4 


155±8 


143±15 


137±4 


40 


108 days 


137110 


134±2 


122 ±6 


130 ±8 




129 days 


398 ±133 


150±7 


141 ±4 


357 ±0 




143 days 


660 ±101 


133±6 


137 ±9 


404 ± 72 




1 57 days 


483 ±123 


137 ±6 


129± 11 


570 ± 75 


45 


171 days 


475 ± 69 


151 ±7 


147 ±7 


562 ± 52 
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Results obtained in the second study are shown below. 



w 



15 



Age of Mice 



79 days 
107 days 
135 days 
176 days 



MEAN PLASMA GLUCOSE LEVELS (mg/dL± SE) - STUDY 2 



Treatment Group 



Naive 

124 ±3.7 
420 ±192 
603 ± 46 
766 ± 76 



Vehicle 

138 ±6.6 
388 ±109 
595 ±17 
769 ±139 



Rapamycin (6 mg/kg) 

151 ±4.5 
124 ±3.0 
156 ±7.4 
161 ±15 



Rapamycin (0.6 mg/kg) 



139±3.2 
130 ±6.2 
139 ±5.3* 
142 ±19 



One of ten mice became diabetic (678 mg/dL) and expired at 166 days of age This value 
group mean. 



Rapamycin 
(0.06 mg/kg) 



129 ±3.3 
430 ±113 
598144 
718 ±99 



was not included in the 



20 



25 



30 



with 11 f f cons.stently above 200 mg/dL was the criterion used to determine overt onset of IDDM 

dofes i \ 7T if kT 9 9r ° UP ' P ' aSma 9,UC ° Se l6Ve,S for mice freated wrth ra W* at oral 

doses of 12. 6. and 06 mg/kg rema.ned below 200 mg/dL throughout the entire treatment period demonstrating that 

rapamyc-n prevented the onset of IDDM. As expected, the untreated NOD mice (naive) developed t£H by 129 ?da£ 
m study 1 and by 107 days in study 2 for both naive and vehicle-treated NOD mice. There was no difference oteerS 
between nave and veh.cle-treated NOD mice. These results also indicate that CsA. under these conditions S 
fect.ve .n preventing the onset of IDDM; mean plasma glucose levels were above 200 mg/dL by 129 days Ra^cin 
g.ven orally at 0.06 mg/kg also was ineffective at preventing the onset of IDDM "aparnyon 
The following table shows the percent of mice in each treatment group that developed IDDM. Plasma alucose levels 
consistently above 200 mg/dL were considered to be determinative of the onset of IDDM. 



PERCENT OF MICE THAT DEVELOPED IDDM - STUDY 1 



Age of Mice 


Treatment Group 




Naive 


Rapamycin (6 mg/kg) 


Rapamycin (12 mg/kg) 


CsA (12 mg/kg) 


129 days 


33% 


0% 


0% 


14% 


143 days 


33% 


0% 


0% 


43% 


157 days 


67% 


0% 


0% 


57% 


171 days 


67% 


0% 


0% 


71% 



45 



50 
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The following table shows the results obtained in the second study. 



PERCENT OF MICE THAT DEVELOPED IDDM - STUDY 2 


Age of Mice 


Treatment Group 




Naive 


Vehicle 


Rapamycin (6 mg/kg) 


Rapamycin (0.6 mg/kg) 


Rapamycin (0.06 mg/kg) 


79 days 


0% 


0% 


0% 


0% 


0% 


107 days 


20% 


30% 


0% 


0% 


30% 


135 days 


50% 


50% 


0% 


10% 


60% 


176 days 


60% 


60% 


0% 


10% 


60% 



In the first study, the onset of IDDM was observed by 129 days in mice that were either untreated or treated with 
CsA. By 171 days 67% of untreated mice and 71% of mice treated with CsA had developed IDDM. In the first study, 

20 rapamycin, at oral doses of 6 and 12 mg/kg, significantly (p = 0.008, Fisher's exact test) prevented the onset of IDDM 
as compared with the control group. No rapamycin-treated mice (6 mg/kg and 1 2 mg/kg) developed IDDM. In the second 
study, rapamycin, at oral doses of 0.6 and 6 mg/kg, prevented the onset of IDDM in 10 of 1 0 and 9 of 10 mice evaluated, 
respectively. The incidence of IDDM in the rapamycin treated NOD mice in the second study was significantly lower (p 
= 0.029 for 0.6 mg/kg rapamycin and p = 0.005 for 6 mg/kg rapamycin) than observed for the naive or vehicle-treated 

2$ NOD mice. There were no significant differences between the incidence of IDDM in naive mice and in the vehicle-treated 
mice. These results demonstrate that rapamycin effectively prevented the development of IDDM at oral doses of 12, 6, 
and 0.6 mg/kg. 

A progressive increase in water consumption is observed with the onset of IDDM both in the NOD mouse and 
humans. The following table shows the mean water consumption for the NOD mice in each treatment group. 

30 





MEAN WATER CONSUMPTION (mL/day ± SE) - STUDY 1 


35 


Age of Mice 


Treatment Group 






Naive 


Rapamycin (6 mg/kg) 


Rapamycin (12 mg/kg) 


CsA (12 mg/kg) 




60 days 


4.3 ±0.04 


3.4 ±0.4 


4.0 ±0 


4.6±0.1 




74 days 


5.0±0,02 


4.5 ±0.1 


4.5 ±0.1 


4.3 ± 0.04 


40 


88 days 


5.2 ± 0.02 


5.0 ±0.1 


5.6 ± 0.3 


4.5±0.1 




102 days 


5.1 ±0.1 


4.3 ±0.2 


5.6 ±0.1 


4.0 ± 0.2 




116 days 


5.5 ±0.2 


4.6 ±0.2 


6.6 ± 0.3 


4.2 ± 0.2 


45 


130 days 


8.8 ±1.7 


5.2 ±0.1 


6.6 ±0.2 


4.7 ±0.2 




144 days 


17.2 ±5.5 


5.2 ±0.2 


6.5 ± 0.5 


9.5 ±0.5 




158 days 


16.7 ±4.9 


4.5±0.1 


5.8 ± 0.8 


18.3 ±0.4 




172 days 


19.6 ±3.3 


4.8 ±0.1 


6.9 ± 0.6 


24.5 ±0.2 



50 
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The following results were obtained in the second study. 



w 



15 



20 



25 



30 



Age of Mice 



75 days 
89 days 
103 days 
117 days 
131 days 
145 days 
159 days 
173 days 



MEAN WATER CONSUMPTION (mLVday ± SE) - STUDY 2 



Treatment Group 



Naive 

4.4 ±0 

4.5 + 0.1 
7.1 ±1.2 
7.5 ±1.2 

10.5±1.2 
16.3 ±2.2 
17.2+1.5 
20.1 ±1.5 



Vehicle 

4.4 ±0.1 
4.0 ±0 
6.3 ±0.9 

8.5 ±1.5 
14.0 ±1.6 
22.9 ±2.2 
20.8 + 2.4 
14.6±2.9 



Rapamycin (6 mg/kg) 

4.9 ±0 
4.2 ±0.1 
4.4 ±0.1 
4.7 ±0.1 

4.7 ±0 
4.9 ±0.1 

4.8 ±0.1 
4.7 ±0.1 



Rapamycin (0.6 mg/kg) 

4.4 ±0.1 
4.0 ±0.1 
4.2 ±0.1 
5.2 ±0.2 
5.8 ±0.8 
8.8 ± 2.2* 

5.5 ±0.6 
5.2 ±0 



Rapamycin 
(0.06 mg/kg) 

4.8 ±0.1 
4.2 ±0 

6.9 ± 0.8 
10.2 ±1.6 

17.0 ±3.6 

16.1 ±1.3 
21.3±1.9 
15.4 ±2.3 



•One of ten mice became diabetic (678 mg/dL) and expired at 166 days of age. This value was included in the 
group mean and accounts for the elevated mean water consumption observed at 1 45 days. 



These results show that rapamycin, at oral doses of 12, 6, and 0.6 mg/kg prevented the progressive increase in 
water consumption that is associated with the onset of IDDM; water consu^tion increased only sKr~ 
comitantwith normal weigW gain in the mice. Theater consumption of the untreated NO^ 
indicating that CsA, under these conditions, did not prevent the onset of IDDM "nireaiea mice, 

inth^oS 

n the second study when the mice were 1 76 days of age. plasma levels of p-hydroxybutyrate, triglycerides and choles- 
tero. m easu^ 

35 jjjj^ elevated compared with vehicle control nondiabetic miceTslmi.ar JS^^SSSS 
trig cerides, and cholesterol levels is observed in humans with IDDM. Treatment with rapamycin at either Z SXZto 
orally prevented the elevation of levels of p-hydroxybutyrate, triglycerides, and dtLS^^^^ wiSS 
onset and progression of IDDM, further confirming the ability to prevent the onset of IDDM in the NOO^e 

Fo Nowmg^ the cessat.cn of treatment with rapamycin in the second study, the mice that had not developed IDDM 

40 during the study (100% NOD mice at 6 mg/kg and 90% NOD mice at 0.6 mg/kg rapamycin fBB^!S^S^ 

of IDDM following the cession of rapamycin in NOD mice that had not developed IDDM during treatment S ra^mvdn 

^^^^^^^^^^^^^ 

45 
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INCIDENCE OF IDDM AFTER CESSATION OF TREATMENT 


- STUDY 2* 


Number of Weeks After Cessation 


Rapamycin (6 mg/kg) Percent of IDDM 


Rapamycin (0.6 mg/kg) 
Percent of IDDM 


1 


0% 


0% 


3 


0% 


0% 


6 


0% 


11% 


9 


0% 


11% 


15 


0% 


11% 


21 


0% 


22% 


26 


0% 


22% 


33 


0% 


33% 


37 


0% 


33% 


41 


0% 


33% 



* The mice evaluated in this portion of the study included the 10 mice treated with 6 mg/kg rapamycin that did 
not develop IDDM during the treatment period and the 9 mice treated with 0.6 mg/kg rapamycin that did not 
develop IDDM during the treatment period. 



These results show that not only did rapamycin prevent the onset of IDDM during the treatment period, but treatment 
with rapamycin either reduced expected levels of disease incidence or prevented the onset of IDDM after treatment had 

30 ceased indicating that initial treatment with rapamycin preserved p-cell function even after treatment was stopped. These 
data further confirm the ability of rapamycin to prophylactically prevent the onset of IDDM. Additionally, these data sug- 
gest that continuous long-term treatment may not be necessary, possibly allowing for an intermittent dosing regimen of 
rapamycin to prevent the onset, arrest the progression, or retard the progression of IDDM. 

The results of this in yjy£ standard pharmacological test procedure emulating IDDM in humans demonstrates that 

35 rapamycin effectively prevented the overt onset of IDDM and is therefore useful in prophylactically preventing the onset, 
arresting the development, or retarding the progression of IDDM. 

Rapamycin (6 mg/kg) was also administered intermittently to NOD mice that had already developed IDDM (130- 
144 days of age), and was unable to reverse the course of the disease. It is possible that rapamycin could not reverse 
the course of IDDM because the intermittent dosing schedule may not have raised rapamycin blood levels to a therapeutic 

40 range soon enough to abrogate attack by T-lymphocytes on the remaining pancreatic p-cells. Higher blood levels of 
rapamycin are obtained when rapamycin is administered parenterally. Following the onset of IDDM, rapamycin should 
be administered in sufficient dosage (preferably via parenteral administration), and preferably in combination with insulin 
to arrest the development and retard the progression of IDDM, while preserving any p-cells that have not yet been 
destroyed. Combination therapy in a clinical trial using CsA and insulin initiated soon after diagnosis of IDDM increased 

45 the rate of remission of IDDM and enhanced p-cell function during the first year of IDDM. [C. R. Stiller, Diabetes 37: 1 574 
(1988)]. 

As such rapamycin will be generally useful in treating at least two classes of human patients. The first group are 
those who have already developed clinically observable signs of IDDM. As seen in clinical studies with CsA, it is preferable 
to start treatment with rapamycin at the earliest point after diagnosis, to spare remaining p-cells from being destroyed. 
so [J. Dupre, Diabetes 37: 1574,(1988); C.R. Stiller, Science 223: 1362 (1984)]. In this patient population, it is preferable 
that rapamycin be administered in combination with insulin. In addition to aiding the maintenance of normal glucose 
tolerance, concomitant insulin administration is also believed to reduce the burden on the remaining p-cells. thus having 
a sparing effect on them. 

A second group of patients, are those who have not yet developed clinically observable symptoms of IDDM, but are 
55 predisposed to developing IDDM, either based on subclinical development of IDDM or because of genetic predisposition. 
Clinically observable IDDM does not develop suddenly, but progresses silently for several years, as the immune system 
slowly eliminates the p-cells. [M.A. Atkinson, Sci. Am. 60, July 1990]. While the classic symptoms of IDDM appear only 
when at least 80% of the p-cells have been destroyed, it has now become more predictably to determine which individuals 
will develop IDDM long before clinical symptoms are manifested. The onset of IDDM has become increasingly predictable 
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through the detection of its associated autoantibodies and other selective markers. The predictability applies both to the 
low n* general population, as well as relatives who are at higher risk. [N. Maclaren. Diabetes 37-7{27( SZ Thiee 

SSSt!^^?^ ZSTS iS,6t Ce " au,oan,ibodies < ICA >- autoant^K^ 
L^aaI P ^ " ! d,m,n,shed f ' r st-phase insulin in response to an intravenous glucose load (IVGTT) Both 

SbS? TfJ? h T" S d6CadeS beforS th6y d6Vel0ped IDDM " f K - ^ A ™- ^v M«^1 497 

(1990)]. It has been shown that individuals with ICA have a 42% risk of developing IDDM whereas those without ipa 

prpiects that 78% of individuals that test positive for complement-fixing ICA will develop IDDM, whereas only 3% of those 
individuals w h non-complement-fixing ICA will develop IDDM. [A.C. Tarn. Lancet 845 (1988) . aS£2 m£EZ 

W J" IDDM fMTr and n y T 9 adUl,S deVe,0P ^bodies *> *• 64K p-ceS nSSSSSSSK 

the onset of IDDM. [N. Maclaren, Diabetes 37: 1591 (1988)). 

„nH ST„«^L CePtib ! e indi ^ id . u J als i include «*» degree relatives of individuals with IDDM (5% risk of developing IDDM) 
and derftcal twins of an individual with IDDM (50% risk of developing IDDM). Both of these categories are substaS 

For the prophylaxis of IDDM in susceptible individuals, rapamycin may be administered as the sole active ingredient 

° H^ ra l°^M SU ^ The administra,i °" of ™^ Prophylactically has been reported to reduce *e inc Snce 
of development of IDDM in NOD mice. (M.A. Atkinson, Diabetes 39 933 (1990) ] incidence 

20 smSZZ°S S ° f SUSCePtib ' e indiVidUa ' S t0 *™ raPamydn m * bS 9iVen wi " b « apparent to one 

When rapamycin is employed in the treatment of IDDM. it can be formulated into oral dosage forms such as tablets 
cT e U n7o„ a a n , ,? 6 T rab ' y in Unrt 1,05396 form - Rapamycin «" be administered alone' or by comoin'ngTwSi 

'n r gn ^ Um ma9 " eSium ,a,c ' suaar ' lactose - P«". dextrin sS 

25 flavoring agents, solub.l.zers, lubricants, suspending agents, binders, tablets-disintegrating agents and the like mav be 
employed. Rapamyan may be encapsuled with or without other carriers. In all cases, the proportion o^actVeLgrSente 
,n said composites both solid and liquid will be at least to impart the desired activity thereto m JSSSZES 
Rapamycin may also be injected parentera.lv. in which case it is used in the form of a sterile mJSSZSESi 

» S^SJ* " en0U S f™ W 9 ' UC0Se t0 mate *• S0lUti0n iS0t0nic - For Ministration by intranasal or in°T 
c°an C th?n J3K EESSSSZ ^ * """" * " * ^ -** ^ 

in thefarTS'S Sit^T!!*? ^ "f"" 1 ^ be ^^tered parenterally. in which case it is used 

isotonic 9 ° th6r $0,UteS • f ° r 6Xamp,e ' enOU9h saline or 9 |ucose *» m ake the solution 

" of .h™^ 96 requifemantS *? ry witn ,he Particular compositions employed, the route of administration, the severity 
of the symptoms presented and the particular subject being treated. Based on the results obtained in he standard 

oTTS^JSSlfZ Pf °if? ed ° ral ** d0S39eS ° f rapamydn 10 maintein ™™* *~ ava's would be 
L J*£ 9 - pre,erably between 0 5 - 18 m 9/kg. and more preferably between 0.5 - 12 mgAg When rapamvcin is 
adm^stered parenterally. it is expected that the minimal dosage requirement will be about ten L^Tss^erefore 

rtlT d f y dOSa96S 0< rapamyCin 10 maintain normal 9 ,ucos a levels would be 0.01 25 mgS IfetS 
between 0.05 - 18 mg/kg. and more preferably between 0.05 - 12 mg/kg preterawy 

When rapamycin is administered in combination with insulin, the dose of insulin may either be the same as is needed 
without rapamycin treatment or may be reduced to below the anxwrt^ 

s £££ "!S ?f determin&d Ca ^" ary W00d 9,ucose ,evels can be aasily measured, and doses o^nsuHn Sn?e 
STJ l ° *! ^ neCeSSary t0 main,ain accebtable bl00d 9' uc °aa lavels. Rapamycin andTnsu n need n^t be 
adm,n,stered simultaneously. For example, rapamycin may be administered once pTday. se^raSes penS or 

S22T S W l ,i ' e ^ SUlin ^ "* n6ed t0 be administered once per day. T*£E£5*£t£ 
is administered in combination with insulin. dpamycin 

' *. J"' 63 *™" 1 Wi " 9e " erally be initiated wi,h smaN dosa 9as "ess than the optimum dose of the compound Thereafter 
thedo^ 

nasal or .ntrabronchial administration will be determined by the administering physician based on experiencTShe 
.nd.v,dua subject treated. An effective dose will generally be the dose at whi^ normal glucose levX^e mai^ 
In general, rapamycin is most desirably administered at a concentration that will generally afford effeSe esTtSS 
' 22 ^ K ar ! ri Z de ' eteri0US ^ effeC,S ' a " d Can be a d^istered either as a single unrt dSTor if 

on tne cZ« COnVe " ient SUbUnitS adminiStered at suitab,e « m as througho'ut the day or week £££ 
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Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, PT, SE 

5 1 . Use of rapamycin in the preparation of a medicament for prophylactically preventing the onset; arresting the devel- 
opment or retarding the progression of insulin dependent diabetes mellitus in a human. 

2. Use of rapamycin according to Claim 1 in which the medicament is adapted for oral or parenteral administration in 
unit dosage form 

10 

3. A pharmaceutical composition comprising rapamycin and insulin and a pharmaceutical^ acceptable carrier. 

4. A pharmaceutical composition as claimed in Claim 3 in unit dosage form for oral or parenteral administration. 

15 5. A composition or use as claimed in Claim 2 or Claim 4 in which the dose of rapamycin is from 0.1 to 25 mg/kg oral 
or 0.01 to 25 mg/kg parenteral based on the weight of the human to be treated. 

6. A composition or use as claimed in Claim 2 or Claim 4 in which the dose of rapamycin is from 0.5 to 18 mg/kg oral 
or 0.05 to 18 mg/kg parenteral based on the weight of the human to be treated. 

20 

7. A composition or used as claimed in Claim 2 or Claim 4 in which the dose of rapamycin is from 0,5 to 12 mg/kg oral 
or 0.05 to 12 mg/kg parenteral based on the weight of the human to be treated. 

Claims for the following Contracting States : ES, GR 

25 

1 . Use of rapamycin in the preparation of a medicament for prophylactically preventing the onset; arresting the devel- 
opment or retarding the progression of insulin dependent diabetes mellitus in a human. 

2. Use of rapamycin according to Claim 1 in which the medicament is adapted for oral or parenteral administration in 
30 unit dosage form 

3. A process for preparing a pharmaceutical composition which comprises bringing into association rapamycin, insulin 
and a pharmaceutical^ acceptable carrier. 

35 4. A process as claimed in Claim 3 wherein the composition is brought into unit dosage form for oral or parenteral 
administration. 

5. A process or use as claimed in Claim 2 or Claim 4 in which the dose of rapamycin is from 0.1 to 25 mg/kg oral or 
0.01 to 25 mg/kg parenteral based on the weight of the human to be treated. 

40 

6. A process or use as claimed in Claim 2 or Claim 4 in which the dose of rapamycin is from 0.5 to 18 mg/kg oral or 
0.05 to 18 mg/kg parenteral based on the weight of the human to be treated. 

7. A process or used as claimed in Claim 2 or Claim 4 in which the daily dose of rapamycin is from 0.5 to 12 mg/kg 
45 oral or 0.05 to 12 mg/kg parenteral based on the weight of the human to be treated. 

PatentansprOche 

PatentansprOche fOr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, PT, SE 

50 

1. Verwendung von Rapamycin bei der Herstellung eines Medikaments zur prophylaktischen Pravention des Aus- 
bruchs, zur Hemmung der Entwicklung Oder zur VerzOgerung der Progression von insulinabhangigem Diabetes 
mellitus bei einem Menschen. 

55 2. Verwendung von Rapamycin nach Anspruch 1 , wobei das Medikament zur oralen oder parenteralen Verabreichung 
in Einheitsdosierungsform geeignet ist. 

3. Pharmazeutische Zusammensetzung, welche Rapamycin und Insulin und einen pharmazeutisch annehmbaren Tra- 
ger umfaRt. 
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4 ' Verab^uT 6 ZUSammenSetZUnQ " ach Anspruch 3 in Einheitsdosierungsform zur oralen oder parenteralen 

5 ' S^n ^ e u Se !f c Un9 Venwendun 9 «** Ans P™h 2 oder 4, wobei die Rapamycin-Dosis 0,1 bis 25 mg/kg oral 
oder 0,01 bis 25 mg/kg parenteral, bezogen auf das Gewicht des zu behandelnden Menschen, betragt. 

6 " Sf*™^ Z o" 9 Verwendun 9 nach Ans P ruch 2 oder 4, wobei die Rapamycin-Dosis 0.5 bis 1 8 mg/kg oral 
Oder 0,05 b.s 18 mg/kg parenteral, bezogen auf das Gewicht des zu behandelnden Menschen. betragt 

7 " S Sa ^«I! SetZUn9 Verwendun 9 ^ch Anspruch 2 oder 4. wobei die Rapamycin-Dosis 0.5 bis 12 mg/ko oral 
oder 0,05 b,s 1 2 mg/kg parenteral, bezogen auf das Gewicht des zu behandehden Menschen. betragt 

Patentanspruche fflr folgende Vertragsstaaten : ES, GR 

1- h^hT dUn9 u VOn Rapamyci " bei der Herstellung eines Medikaments zur prophylaktischen Pravention des Aus- 
2us Z ein3?ni;?n ntWddUn9 "* " * ™ -'-bhangigem Diabetes 

3. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung. welches das Vereinigen von Rapamycin 
Insulin und emem pharmazeutisch annehmbaren Trager umfaBt. napamycin, 

4 * wlnt" H? •^ SPrU °lL 3 " b ? W6lChem de Zusamm ensetzung in Einheitsdosierungsform zur oralen oder paren- 
teralen Verabreichung gebracht wird. M 

5. Verfahren oder Verwendung nach Anspruch 2 oder 4. wobei die Rapamycin-Dosis 0, 1 bis 25 mg/kg oral oder 0 01 
bis 25 mg/kg parenteral, bezogen auf das Gewicht des zu behandelnden Menschen, betragt. 

6. Verfahren oder Verwendung nach Anspruch 2 oder 4. wobei die Rapamycin-Dosis 0,5 bis 18 mg/kg oral oder 0 05 
bis 18 mg/kg parenteral, bezogen auf das Gewicht des zu behandelnden Menschen, betragt. 

? ' N^mn/S « V T n f U k 9 " aCh AnSPrUCh 2 Cder 4 ' W0b6i die Ra f«mycin-Dosis 0,5 bis 12 mg/kg oral oder 0.05 
bis 12 mg/kg parenteral, bezogen auf das Gewicht des zu behandelnden Menschen, betragt. 

Revendications 

Revendicatlons pour les Etats contractants sulvants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, PT, SE 

1 . Utilisation de rapamycine dans la preparation d'un medicament pour la prevention prophylactique de l attaque Parrfit 
du developpement ou le retard de la progression d'un diabete insulinod6pendant chez un humain. ' 

2 " If 'iOTT r !7 Cin8 13 revendicati ° n 1 . dans laquelle le medicament est adapte pour une administration 
orale ou parenterale sous forme de dosage unitaire. 

3 " aSSSabte 0 " pharmaC6Utique com P rena "t de la rapamycine et de I'insuline et un excipient pharmaceutiquement 

4 ' S^aTeKe aCeUtiqUe * rWendiCati0n 3> 5008 forme de dosa 9 e uniteira ™ administration 

5 " ZTZTZ w u * i,isation A suivant la revendication 2 ou 4. dans laquelle la dose de rapamycine se situe entre 0.1 
murnaTn a^aiSr & ™ * * 5 "* ^ d<3 ma " i6re P arent6rale - sur basa *i poids de 

6. Composition ou utilisation suivant la revendication 2 ou 4. dans laquelle la dose de rapamycine se situe entre 0 5 
et 18 mg par kg. de manure orale. ou entre 0,05 et 18 mg par kg. de maniere parenterale. sur base du poids de 
i numain a trarter. 
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7. Composition ou utilisation suivant la revendication 2 ou 4, dans laquelle la dose de rapamycine se situe entre 0,5 
et 12 mg par kg, de maniere orale, ou entre 0,05 et 12 mg par kg, de maniere parenterale, sur base du poids de 
I'humain a traiter. 

5 Revendications pour les Etats contractants suivants : ES, GR 

1 . Utilisation de rapamycine dans la preparation d'un medicament pour la prevention prophylactique de I'attaque; I'arret 
du developpement ou le retard de la progression d'un diabete insulinodependant chez un humain. 

w 2. Utilisation de rapamycine suivant la revendication 1 , dans laquelle le medicament est adapte pour une administration 
orale ou parenterale sous forme de dosage unitaire. 

3. Procede de preparation d'une composition pharmaceutique qui comprend la mise en association de rapamycine, 
d'insuline et d'un excipient pharmaceutiquement acceptable. 

15 

4. Procede suivant la revendication 3, dans lequel la composition est mise sous forme de dosage unitaire pour une 
administration orale ou parenterale. 

5. Procede ou utilisation suivant la revendication 2 ou 4, dans lequel la dose de rapamycine se situe entre 0,1 et 25 
20 mg par kg de maniere orale, ou entre 0,01 et 25 mg par kg de maniere parenterale, sur base du poids de I'humain 

a traiter. 

6. Procede ou utilisation suivant la revendication 2 ou 4, dans lequel la dose de rapamycine se situe entre 0,5 et 18 
mg par kg, de maniere orale, ou entre 0,05 et 1 8 mg par kg, de maniere parenterale, sur base du poids de I'humain 

25 a traiter. 

7. Procede ou utilisation suivant la revendication 2 ou 4, dans lequel la dose de rapamycine se situe entre 0,5 et 12 
mg par kg, de maniere orale, ou 0,05 et 1 2 mg par kg, de maniere parenterale, sur base du poids de Itiumain a traiter. 

30 
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